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Abstract 
Strain sensors have been fabricated by depositing platinum nanoparticles between interdigitated gold electrodes on 
oxidised silicon substrate. A significant improvement in strain sensitivity is achieved with a gauge factor in excess of 
700, which is two orders of magnitude higher than continuous metallic films and five times higher than 
semiconductor devices. The measured resistance is strongly dependant on inter-particle distance, which is altered 
when the substrate is strained. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Traditionally strain sensors have been fabricated using either metallic strain gauges or semiconductors. 
The basic principle of operation of these devices is based on the change of the resistance with strain. 
More recently nanotechnology objects like carbon nanotubes dispensed within a polymer matrix [1, 2] 
have been investigated towards higher sensitivity and lower cost device. The resistance change in that 
case is due to intrinsic material properties of carbon nanotubes that present a high piezoresistance 
coefficient. It has been also demonstrated that metallic nanoparticle assemblies positioned between two 
conductive electrodes exhibit much higher strain sensitivity than continuous metallic films (gauge factor 
2) and of similar value with their semiconducting rivals (gauge factor 100). The high resistance sensitivity 
with strain in that case is not due to a material intrinsic property like piezoresistance but to the dominating 
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current transport mechanism itself which is based on current tunneling through nanogaps present between 
nanoparticles [3]. In the current work we investigate this type of strain sensor. 
We have developed during recent years, techniques for room temperature nanoparticle deposition 
which are based either on ink-jet printing or in vacuum [4, 5]. While ink-jet technique is simpler it 
presents problems related with uniformity (controlled deposition density) of nanoparticles within the 
deposited layer. On the other hand formation of nanoparticles in vacuum based on sputtering and 
condensation of atoms from a metallic target to form clusters of controlled size that are uniformly 
deposited on the substrate presents another alternative for uniform nanoparticle layer formation with 
controlled surface density. This technique that is explored in the present work presents the advantage of a 
better resistance control and allows optimization of the sensor operation both in terms of power 
dissipation and strain sensitivity.  
2. Experimental
We used silicon substrate with 1μm thermally oxidised layer, on which gold electrodes, with gaps 
ranging from 2.5-10μm, were applied by optical lithography and e-beam evaporation. The nanoparticles 
are formed in vacuum, based on sputtering and condensation of atoms from a metallic target to form 
clusters of controlled size that are uniformly deposited on the substrate [2]. Platinum was used as a means 
to avoid oxidation and thus device aging. In figures 1a and 1b the basic device concept in planar 
schematic view and cross-section is shown and its position during measurement is illustrated in figure 2. 
Two deposition times were investigated; 10 minutes and 16 minutes. Electrical measurements were made 
using an HP4140B picoampere meter at 10μm intervals of sample deflection, whilst the strain 
measurements were based on an optical bend monitoring of the sample [6]. The density of nanoparticles 
was controlled by deposition time and examined by scanning electron microscopy (SEM). 
3. Results
SEM images of nanoparticles arrays of 10 minutes and 16 minutes are presented in figure 3a and 3b 
respectfully. The difference in density between the two samples is not immediately clear although, as 
would be expected, the 16 minute deposition does yield a higher concentration of nanoparticles. The 
nanoparticle diameters are approximately 5nm in diameter for both densities. By measuring the resistance 
was esistance  
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Figure 1: Schematic diagrams of nanoparticle array, a) planar view and b) cross-section 
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Figure 2: Configuration of measurement set-up for strain sensing, showing a) schematic diagram and b) photograph 
plan view 
 
change and the sample bending upon stress the gauge strain factor was calculated from the equation: 
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where R is the resistance without stress and l the length of the unstressed sample. Figure 4 shows the 
relative change in resistance ǻR/R as a function of strain, for both samples. The unstrained resistance of 
16 minute deposition was 2.07kȍ for 2μm and 5.33Mȍ for 10μm gap, and 2.60Mȍ for 10 minute 
deposition time with 2μm.  The corresponding gauge factors were 337, 735 and 492 respectively at 
maximum strain. This represents a marked improvement compared with previously published 
respublished 
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Figure 3: SEM images of Pt nanoparticle arrays for a) 10 minutes and b) 16 minutes deposition times 
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Figure 4: Relative change in resistance as a function of strain for devices with a) 10 minute and 16 minute deposition 
times, for electrode gap of 2.5μm, and b) comparing electrode gaps of 2.5μm and 10μm, both 16 minutes. 
 
results. We attribute this sensitivity to the two dimensional arrangement of nanoparticles (i.e. less than 
one monolayer), which is sensitive to inter-particle spacing. 
4. Conclusions
Pt nanoparticle arrays have been shown to provide the potential to achieving highly sensitive strain 
gauges with a sensitivity several times higher than that which has been previously published. The high 
sensitivity is attributed to the exponential relation of resistance to inter-particle distance, which is 
modified during straining. This provides an opportunity for further work on this subject. 
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